Bioenergetic consequences of microbial adaptation to low-nutrient environments.
A striking property of many prokaryotes is their enormous metabolic flexibility with respect not only to catabolic and anabolic substrates but also with respect to the continuously changing availability of nutrients. The phenotypic responses to low-nutrient growth conditions involve structural changes in the cellular make-up, changes in the specific capacity of the enzyme system(s) involved in uptake and/or assimilation of the limiting nutrient and changes in the affinity of these enzymes. Here the responses of some members of the Enterobacteriaceae to potassium-, ammonium- and energy source-limited conditions will be reviewed. The focus will be on the energetic consequences of these adaptations as reflected by the growth yield value for the energy source (Y energy source). It will be illustrated that Y energy source values can be dramatically lowered as a result of incomplete oxidation of the energy source (overflow metabolism), bypassing potential sites of energy conservation (uncoupling) or catabolic cycles that have no other apparent effect than the hydrolysis of ATP (futile cycles). Thus, it is concluded that adaptation to low nutrient conditions aims at maintaining high metabolic fluxes at low nutrient concentrations at the cost of a loss in the energetic efficiency of the overall metabolism.